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ment of various protein kinase mediated disorders. 
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COMPOSITIONS USEFUL AS INHIBITORS OF 
JAK AND OTHER PROTEIN KINASES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority under 35 
U.S.C. § 119(e) to US. Provisional Application No. 60/423, 
579, ?led Nov. 4, 2002, entitled “Compositions Useful as 
Inhibitors of Jak and Other Protein Kinases, the entire 
contents of Which is hereby incorporated by reference. 

TECHNICAL FIELD OF INVENTION 

[0002] The present invention relates to compounds useful 
as inhibitors of protein kinases. The invention also provides 
pharmaceutically acceptable compositions comprising the 
compounds of the invention and methods of using the 
compositions in the treatment of various disorders. 

BACKGROUND OF THE INVENTION 

[0003] The search for neW therapeutic agents has been 
greatly aided in recent years by a better understanding of the 
structure of enZymes and other biomolecules associated With 
diseases. One important class of enZymes that has been the 
subject of extensive study is protein kinases. 

[0004] Protein kinases constitute a large family of struc 
turally related enZymes that are responsible for the control of 
a variety of signal transduction processes Within the cell. 
(See, Hardie, G. and Hanks, S. The Protein Kinase Facts 
Book, I and 11, Academic Press, San Diego, Calif.: 1995). 
Protein kinases are thought to have evolved from a common 
ancestral gene due to the conservation of their structure and 
catalytic function. Almost all kinases contain a similar 
250-300 amino acid catalytic domain. The kinases may be 
categoriZed into families by the substrates they phosphory 
late (e.g., protein-tyrosine, protein-serine/threonine, lipids, 
etc.). Sequence motifs have been identi?ed that generally 
correspond to each of these kinase families (See, for 
example, Hanks, S. K., Hunter, T., FASEB J. 1995, 9, 
576-596; Knighton et al., Science 1991, 253, 407-414; Hiles 
et al., Cell 1992, 70, 419-429; KunZ et al., Cell 1993, 73, 
585-596; Garcia-Bustos et al., EMBO J. 1994, 13, 2352 
2361). 
[0005] Many diseases are associated With abnormal cel 
lular responses triggered by protein kinase-mediated events. 
These diseases include autoimmune diseases, in?ammatory 
diseases, bone diseases, metabolic diseases, neurological 
and neurodegenerative diseases, cancer, cardiovascular dis 
eases, allergies and asthma, AlZheimer’s disease and hor 
mone-related diseases. Accordingly, there has been a sub 
stantial effort in medicinal chemistry to ?nd protein kinase 
inhibitors that are effective as therapeutic agents. 

[0006] The Janus kinases (JAK) are a family of tyrosine 
kinases consisting of JAK1, JAK2, JAK3 and TYK2. The 
JAKs play a critical role in cytokine signaling. The doWn 
stream substrates of the JAK family of kinases include the 
signal transducer and activator of transcription (STAT) pro 
teins. JAK/STAT signaling has been implicated in the 
mediation of many abnormal immune responses such as 
allergies, asthma, autoimmune diseases such as transplant 
rejection, rheumatoid arthritis, amyotrophic lateral sclerosis 
and multiple sclerosis as Well as in solid and hematologic 
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malignancies such as leukemias and lymphomas. The phar 
maceutical intervention in the JAK/STAT pathWay has been 
revieWed [Frank Mol. Med. 5, 432-456 (1999) & Seidel, et 
al, Oncogene 19, 2645-2656 (2000)]. 

[0007] JAK1, JAK2, and TYK2 are ubiquitously 
expressed, While JAK3 is predominantly expressed in 
hematopoietic cells. JAK3 binds exclusively to the common 
cytokine receptor gamma chain (yo) and is activated by IL-2, 
IL-4, IL-7, IL-9, and IL-15. The proliferation and survival of 
murine mast cells induced by IL-4 and IL-9 have, in fact, 
been shoWn to be dependent on JAK3- and yc- signaling 
[Suzuki et al, Blood 96, 2172-2180 (2000)]. 

[0008] Cross-linking of the high-af?nity immunoglobulin 
(Ig) E receptors of sensitiZed mast cells leads to a release of 
proin?ammatory mediators, including a number of vasoac 
tive cytokines resulting in acute allergic, or immediate (type 
I) hypersensitivity reactions [Gordon et al, Nature 346, 
274-276 (1990) & Galli, N. Engl. J. Med, 328, 257-265 
(1993)]. A crucial role for JAK3 in IgE receptor-mediated 
mast cell responses in vitro and in vivo has been established 
[Malaviya, et al, Biochem. Biophys. Res. Commun. 257, 
807-813 (1999)]. In addition, the prevention of type I 
hypersensitivity reactions, including anaphylaxis, mediated 
by mast cell-activation through inhibition of JAK3 has also 
been reported [Malaviya et al, J. Biol. Chem. 274,27028 
27038 (1999)]. Targeting mast cells With JAK3 inhibitors 
modulated mast cell degranulation in vitro and prevented 
IgE receptor/antigen-mediated anaphylactic reactions in 
vivo. 

[0009] Arecent study described the successful targeting of 
JAK3 for immune suppression and allograft acceptance. The 
study demonstrated a dose-dependent survival of Buffalo 
heart allograft in Wistar Furth recipients upon administration 
of inhibitors of JAK3 indicating the possibility of regulating 
unWanted immune responses in graft versus host disease 
[Kirken, T ranspl. Proc. 33, 3268-3270 (2001)]. 

[0010] IL-4-mediated STAT-phosphorylation has been 
implicated as the mechanism involved in early and late 
stages of rheumatoid arthritis (RA). Up-regulation of proin 
?ammatory cytokines in RA synovium and synovial ?uid is 
a characteristic of the disease. It has been demostrated that 
IL-4-mediated activation of IL-4/STAT pathWay is mediated 
through the Janus Kinases (JAK 1 & 3) and that IL-4 
associated JAK kinases are expressed in the RA synovium 
[Muller-Ladner, et al, J. Immunol. 164, 3894-3901 (2000)]. 

[0011] Familial amyotrophic lateral sclerosis (FALS) is a 
fatal neurodegenerative disorder affecting about 10% of 
ALS patients. The survival rates of FALS mice Were 
increased upon treatment With a JAK3 speci?c inhibitor. 
This suggested that JAK3 plays a role in FALS [Trieu, et al, 
Biochem. Biophys. Res. Commun. 267, 22-25 (2000)]. 

[0012] Signal transducer and activator of transcription 
(STAT) proteins are activated by, among others, the JAK 
family kinases. Results form a recent study suggested the 
possibility of intervention in the JAK/STAT signaling path 
Way by targeting JAK family kinases With speci?c inhibitors 
for the treatment of leukemia [Sudbeck, et al, Clin. Cancer 
Res. 5, 1569-1582 (1999)]. JAK3 speci?c compounds Were 
shoWn to inhibit the clonogenic groWth of JAK3-expressing 
cell lines DAUDI, RAMOS, LC1;19, NALM-6, MOLT-3 
and HL-60. 
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[0013] In animal models, TEL/JAK2 fusion proteins have 
induced myeloproliferative disorders and in hematopoietic 
cell lines, introduction of TEL/JAK2 resulted in activation 
of STAT1, STAT 3, STAT5, and cytokine-independent 
groWth [SchWaller, et al, EMBO J. 17, 5321-5333 (1998)]. 

[0014] Inhibition of JAK 3 and TYK 2 abrogated tyrosine 
phosphorylation of STAT3, and inhibited cell groWth of 
mycosis fungoides, a form of cutaneous T cell lymphoma. 
These results implicated JAK family kinases in the consti 
tutively activated JAK/STAT pathWay that is present in 
mycosis fungoides [Nielsen, et al, Proc. Nat. Acad. Sci. 
U.S.A. 94, 6764-6769 (1997)]. Similarly, STAT3, STAT5, 
JAK1 and JAK2 Were demonstrated to be constitutively 
activated in mouse T cell lymphoma characteriZed initially 
by LCK over-expression, thus further implicating the JAK/ 
STAT pathWay in abnormal cell groWth [Yu, et al, J. Immu 
nol. 159, 5206-5210 (1997)]. In addition, IL-6 -mediated 
STAT3 activation Was blocked by an inhibitor of JAK, 
leading to sensitiZation of myeloma cells to apoptosis 
[Catlett-Falcone, et al, Immunity 10 ,105-115 (1999)]. 

[0015] Cyclin-dependent kinases (CDKs) are serine/threo 
nine protein kinases consisting of a [3-sheet rich amino 
terminal lobe and a larger carboXy-terminal lobe Which is 
largely ot-helical. The CDKs display the 11 subdomains 
shared by all protein kinases and range in molecular mass 
from 33 to 44 kD. This family of kinases, Which includes 
CDK1, CKD2, CDK4, and CDK6, requires phosphorylation 
at the residue corresponding to CDK2 Thr160 in order to be 
fully active [Meijer, L., Drug Resistance Updates, 3, 83-88 
(2000)]. 
[0016] Each CDK complex is formed from a regulatory 
cyclin subunit (e.g., cyclin A, B1, B2, D1, D2, D3, and E) 
and a catalytic kinase subunit (e.g., CDK1, CDK2, CDK4, 
CDK5, and CDK6). Each different kinase/cyclin pair func 
tions to regulate the different and speci?c phases of the cell 
cycle knoWn as the G1, S, G2, and M phases [Nigg, E., 
Nature Reviews, 2, 21-32 (2001); Flatt, P., Pietenpol, J., 
Drug Metabolism Reviews, 32, 283-305 (2000)]. 

[0017] The CDKs have been implicated in cell prolifera 
tion disorders, particularly in cancer. Cell proliferation is a 
result of the direct or indirect deregulation of the cell 
division cycle and the CDKs play a critical role in the 
regulation of the various phases of this cycle. For eXample, 
the over-expression of cyclin D1 is commonly associated 
With numerous human cancers including breast, colon, hepa 
tocellular carcinomas and gliomas [Flatt, P., Pietenpol, J ., 
Drug Metabolism Reviews, 32, 283-305 (2000)]. The 
CDK2/cyclin E compleX plays a key role in the progression 
from the early G1 to S phases of the cell cycle and the 
overeXpression of cyclin E has been associated With various 
solid tumors. Therefore, inhibitors of cyclins D1, E, or their 
associated CDKs are useful targets for cancer therapy 
[Kaubisch, A., SchWartZ, G., The Cancer Journal, 6, 192 
212 (2000)]. 

[0018] CDKs, especially CDK2, also play a role in apo 
ptosis and T-cell development. CDK2 has been identi?ed as 
a key regulator of thymocyte apoptosis [Williams, 0., et al, 
European Journal of Immunology, 709-713 (2000)]. Stimu 
lation of CDK2 kinase activity is associated With the pro 
gression of apoptosis in thymocytes, in response to speci?c 
stimuli. Inhibition of CDK2 kinase activity blocks this 
apoptosis resulting in the protection of thymocytes. 
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[0019] In addition to regulating the cell cycle and apop 
tosis, the CDKs are directly involved in the process of 
transcription. Numerous viruses require CDKs for their 
replication process. EXamples Where CDK inhibitors 
restrain viral replication include human cytomegakovirus, 
herpes virus, and varicella-Zoster virus [Meijer, L., Drug 
Resistance Updates, 3, 83-88 (2000)]. 

[0020] Inhibition of CDK is also useful for the treatment 
of neurodegenerative disorders such as AlZheimer’s disease. 
The appearance of Paired Helical Filaments (PHF), associ 
ated With AlZheimer’s disease, is caused by the hyperphos 
phorylation of Tau protein by CDK5/p25 [Meijer, L., Drug 
Resistance Updates, 3, 83-88 (2000)]. 

[0021] JNK is a member of the mitogen-activated protein 
(MAP) kinase family. MAP kinases (MAPKs) are activated 
by a variety of signals including groWth factors, cytokines, 
UV radiation, and stress-inducing agents. MAPKs are 
serine/threonine kinases and their activation occur by dual 
phosphorylation of threonine and tyrosine at the Thr-X-Tyr 
segment in the activation loop. MAPKs phosphorylate vari 
ous substrates including transcription factors, Which in turn 
regulate the eXpression of speci?c sets of genes and thus 
mediate a speci?c response to the stimulus. 

[0022] Three distinct genes, JNK1, JNK2, JNK3 have 
been identi?ed for this kinase family and at least ten 
different splicing isoforms of J NKs eXist in mammalian cells 
[Gupta et al., EMBO J., 15, 2760-70 (1996)]. Members of 
the JNK family are activated by proin?ammatory cytokines, 
such as tumor necrosis factor-0t (TNFot) and interleukin-1 [3 
(IL-1B), as Well as by environmental stress, including ani 
somycin, UV irradiation, hypoXia, and osmotic shock [Min 
den et al., Biochemica et Biophysica Acta, 1333, F85-F104 
(1997)]. 
[0023] The doWn-stream substrates of JNKs include tran 
scription factors c-Jun, ATF-2, Elk1, p53 and a cell death 
domain protein (DENN) [Zhang et al. Proc. Natl. Acad. Sci. 
USA, 95, 2586-91 (1998)]. Each JNK isoform binds to these 
substrates With different af?nities, suggesting a regulation of 
signaling pathWays by substrate speci?city of different J NKs 
in vivo (Gupta et al., supra). 

[0024] JNKs, along With other MAPKs, have been impli 
cated in having a role in mediating cellular response to 
cancer, thrombin-induced platelet aggregation, immunode 
?ciency disorders, autoimmune diseases, cell death, aller 
gies, osteoporosis and heart disease. The therapeutic targets 
related to activation of the JNK pathWay include chronic 
myelogenous leukemia (CML), rheumatoid arthritis, 
asthma, osteoarthritis, ischemia, cancer and neurodegenera 
tive diseases. 

[0025] Several reports have detailed the importance of 
JNK activation associated With liver disease or episodes of 
hepatic ischemia [Nat Genet. 21, 326-9 (1999); FEBS Lett. 
420, 201-4 (1997); J. Clin. Invest. 102, 1942-50 (1998); 
Hepatology 28, 1022-30 (1998)]. Therefore, inhibitors of 
JNK may be useful to treat various hepatic disorders. 

[0026] A role for JNK in cardiovascular disease such as 
myocardial infarction or congestive heart failure has also 
been reported as it has been shoWn JNK mediates hyper 
trophic responses to various forms of cardiac stress [Circ. 
Res. 83, 167-78 (1998); Circulation 97, 1731-7 (1998); J. 
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Biol. Chem. 272, 28050-6 (1997); Circ. Res. 79, 162-73 
(1996); Circ. Res. 78, 947-53 (1996); J. Clin. Invest. 97, 
508-14 (1996)]. 

[0027] It has been demonstrated that the JNK cascade also 
plays a role in T-cell activation, including activation of the 
IL-2 promoter. Thus, inhibitors of JNK may have therapeu 
tic value in altering pathologic immune responses [J . Immu 
nol. 162, 3176-87 (1999); Eur J. Immunol. 28, 3867-77 
(1998); J. Exp. Med. 186, 941-53 (1997); Eur. J. Immunol. 
26, 989-94 (1996)]. 

[0028] A role for JNK activation in various cancers has 
also been established, suggesting the potential use of JNK 
inhibitors in cancer. For example, constitutively activated 
JNK is associated With HTLV-l mediated tumorigenesis 
[Oncogene 13, 135-42 (1996)]. JNK may play a role in 
Kaposi’s sarcoma (KS) because it is thought that the pro 
liferative effects of bFGF and OSM on KS cells are mediated 
by their activation of the JNK signaling pathWay [J. Clin. 
Invest. 99, 1798-804 (1997)]. Other proliferative effects of 
other cytokines implicated in KS proliferation, such as 
vascular endothelial groWth factor (VEGF), IL-6 and TNFa, 
may also be mediated by JNK. In addition, regulation of the 
c-jun gene in p210 BCR-ABL transformed cells corresponds 
With activity of J NK, suggesting a role for J NK inhibitors in 
the treatment for chronic myelogenous leukemia (CML) 
[Blood 92, 2450-60 (1998)]. 
[0029] JNKl and JNK2 are Widely expressed in a variety 
of tissues. In contrast, JNK3, is selectively expressed in the 
brain and to a lesser extent in the heart and testis [Gupta et 
al., supra; Mohit et al., Neuron 14, 67-78 (1995); Martin et 
al., Brain Res. Mol. Brain Res. 35, 47-57 (1996)]. JNK3 has 
been linked to neuronal apoptosis induced by kainic acid, 
indicating a role of JNK in the pathogenesis of glutamate 
neurotoxicity. In the adult human brain, JNK3 expression is 
localiZed to a subpopulation of pyramidal neurons in the 
CA1, CA4 and subiculum regions of the hippocampus and 
layers 3 and 5 of the neocortex [Mohit et al., supra]. The 
CA1 neurons of patients With acute hypoxia shoWed strong 
nuclear JNK3-immunoreactivity compared to minimal, dif 
fuse cytoplasmic staining of the hippocampal neurons from 
brain tissues of normal patients [Zhang et al., supra]. Thus, 
JNK3 appears to be involved involved in hypoxic and 
ischemic damage of CA1 neurons in the hippocampus. 

[0030] In addition, JNK3 co-localiZes immunochemically 
With neurons vulnerable in AlZheimer’s disease [Mohit et 
al., supra]. Disruption of the JNK3 gene caused resistance of 
mice to the excitotoxic glutamate receptor agonist kainic 
acid, including the effects on seiZure activity, AP-l tran 
scriptional activity and apoptosis of hippocampal neurons, 
indicating that the JNK3 signaling pathWay is a critical 
component in the pathogenesis of glutamate neurotoxicity 
(Yang et al., Nature, 389, ,865-870 (1997)]. 

[0031] Based on these ?ndings, J NK signalling, especially 
that of JNK3, has been implicated in the areas of apoptosis 
driven neurodegenerative diseases such as AlZheimer’s Dis 
ease, Parkinson’s Disease, ALS (Amyotrophic Lateral Scle 
rosis), epilepsy and seiZures, Huntington’s Disease, 
traumatic brain injuries, as Well as ischemic and hemorrhag 
ing stroke. 

[0032] ZAP-70 is essential for T cell receptor signalling. 
Expression of this tyrosine kinase is restricted to T-cells and 

May 20, 2004 

natural killer cells. The importance of ZAP-70 in T-cell 
function has been demonstrated in human patients, human 
T-cell lines and mice. Human patients suffering from a rare 
form of severe combined de?ciency syndrome (SCID) pos 
sess homoZygous mutations in ZAP-70 (revieWed in Elder J. 
of pedriatric hematology/oncology 19(6) 546-550 1997). 
These patients have profound immunode?ciency, lack CD8+ 
T cells and have CD4+ T cells that are unresponsive to T cell 
receptor (TCR)-mediated stimulation. FolloWing TCR acti 
vation these CD4+ cells shoW severe defects in Ca2+ 
mobiliZation, tyrosine phosphorylation of doWn-stream sub 
strates, proliferation and IL-2 production 70 (revieWed in 
Elder Pedriatric research 39, 743-748). Human Jurkat cells 
lacking ZAP-70 also provide important insights into the 
critical role of ZAP-70 in T cell receptor signalling. AJurkat 
clone (p116) With no detectable ZAP-70 protein Was shoWn 
to have defects in T cell receptor signalling Which could be 
corrected by re-introduction of Wt ZAP-70 (Williams et al 
Molecular and Cellular Biology 18 (3), 1388-1399 1998). 
Studies of mice lacking ZAP-70 also demonstrate a require 
ment of ZAP-70 in T-cell receptor signalling. Zap-70-de? 
cient mice have profound defects in T cell development and 
T cell receptor signalling in thymocytes is impaired (Negishi 
et al, Nature 376, 435-438 1995). 

[0033] The importance of the kinase domain in ZAP-70 
function is demonstrated by studies of human patients and 
mice expressing identical mutations in the DLAARN motif 
Within the kinase domain of ZAP-70. Inactivation of kinase 
activity by this mutation results in defective T cell receptor 
signalling (Elder et al J. Immunology 656-661 2001). Cata 
lytically inactive ZAP-70 (Lys369Arg) Was also defective in 
restoring T cell receptor signalling in a ZAP-70 de?cient 
Jurkat cell clone (p116) (Williams et al Molecular and 
Cellular Biology 18 (3), 1388-1399 1998). 

[0034] Accordingly, there is a great need to develop 
inhibitors of JAK, INK, CDK, and ZAP-70 protein kinases 
that are useful in treating various diseases or conditions 
associated With JAK, INK, CDK, and ZAP-70 activation, 
particularly given the inadequate treatments currently avail 
able for the majority of these disorders. 

SUMMARY OF THE INVENTION 

[0035] It has noW been found that compounds of this 
invention, and pharmaceutically acceptable compositions 
thereof, are effective as inhibitors of JAK, INK, ZAP-70, 
and CDK protein kinases. In certain embodiments, these 
compounds are effective as inhibitors of JAK, JNK, ZAP-70, 
and CDK protein kinases. These compounds have the gen 
eral formula I: 
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[0036] or a pharmaceutically acceptable salt thereof, 
wherein W1 is nitrogen or CH, W2 is nitrogen or C—(U)PRU, 
W3 is nitrogen or C—(V)qRV, and R1, R2, R3, and R4 are as 
described below. 

[0037] These compounds and pharmaceutical composi 
tions thereof are useful for treating or preventing a variety of 
disorders, such as heart disease, diabetes, AlZheimer’s dis 
ease, immunode?ciency disorders, in?ammatory diseases, 
allergic diseases, autoimmune diseases, destructive bone 
disorders such as osteoporosis, proliferative disorders, infec 
tious diseases, immunologically-mediated diseases, and 
viral diseases. The compositions are also useful in methods 
for preventing cell death and hyperplasia and therefore may 
be used to treat or prevent reperfusion/ischemia in stroke, 
heart attacks, and organ hypoXia. The compositions are also 
useful in methods for preventing thrombin-induced platelet 
aggregation. The compositions are especially useful for 
disorders such as chronic myelogenous leukemia (CML), 
rheumatoid arthritis, asthma, osteoarthritis, ischemia, can 
cer, liver disease including hepatic ischemia, heart disease 
such as myocardial infarction and congestive heart failure, 
pathologic immune conditions involving T cell activation, 
and neurodegenerative disorders. 

[0038] The compounds provided by this invention are also 
useful for the study of kinases in biological and pathological 
phenomena; the study of intracellular signal transduction 
pathWays mediated by such kinases, and the comparative 
evaluation of neW kinase inhibitors. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. General Description of Compounds of the 
Invention 

[0039] The present invention relates to a compound of 
formula I: 

R2 

[0040] or a pharmaceutically acceptable salt thereof, 
Wherein: 

[0041] W1 is nitrogen or CH, W2 is nitrogen or 
C—(U)pRU, and W3 is nitrogen or C—(V)qRV; 

[0042] p and q are each independently 0 or 1; 

[0043] RU and RV are each independently R or Arl; 

[0044] U and V are each independently a bond or a 
C176 alkylidene chain, Wherein up to tWo methylene 
units of the chain are optionally and independently 
replaced by CO, CO2, COCO, CONR, OCONR, 
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NRNR, NRNRCO, NRCO, NRCO2, NRCONR, so, 
502, NRSO2, SOZNR, NRSOZNR, o, s, or NR; 

[0045] each occurrence of R is independently hydro 
gen or an optionally substituted Cl-C4 aliphatic, or 
tWo R bound to the same nitrogen atom are option 
ally taken together With the nitrogen atom to form a 
3-7 membered saturated, partially unsaturated, or 
fully unsaturated ring having 0-2 additional heteroa 
toms independently selected from nitrogen, oxygen, 
or sulfur; 

[0046] Ar1 is a 5-7 membered saturated, partially 
unsaturated, or fully unsaturated monocyclic ring 
having 0-3 heteroatoms independently selected from 
nitrogen, oXygen, or sulfur, or an 8-12 membered 
saturated, partially unsaturated, or fully unsaturated 
bicyclic ring system having 0-5 heteroatoms inde 
pendently selected from nitrogen, oXygen, or sulfur; 
Wherein Ar1 is optionally substituted With m inde 
pendent occurrences of Z-RS; Wherein m is 0-5, Z is 
a bond or is a Cl-C6 alkylidene chain Wherein up to 
tWo methylene units of Z are optionally replaced by 
CO, CO2, COCO, CONR, OCONR, NRNR, NRN 
RCO, NRCO, NRCO2, NRCONR, SO, SO2, 
NRSO2, SOZNR, NRSOZNR, O, S, or NR; and each 
occurrence of R5 is independently hydrogen, an 
optionally substituted aliphatic, heteroaliphatic, aryl 
or heteroaryl group, halogen, NO2, CN, OR, SR, 
N(R)2, NRCOR, NRCON(R)2, NRCOZR, COR, 
CO2R, OCOR, CON(R)2, OCON(R)2, SOR, SOZR, 
SO2N(R)2, NRSOZR, NRSO2N(R)2, COCOR, or 
COCHZCOR; 

[0047] R1 and R2 taken together and fused to ring B 
form a cyclic moiety selected from one of the 
folloWing: 

iii 
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-continued 
iv 

OW 
N 
\ RX 

R3 0 
V 

RX 

N j 
0 

R3 
VI 

01 
N 

| 
R3 RX 

VII 
RX 

N j 
N 

| 
R3 RX 

VIII 

[0048] wherein each occurrence of RX is independently 
hydrogen, OR, or QnArl; n is Zero or one; and Q is an 
optionally substituted C1_4 alkylidene chain Wherein one 
methylene unit of Q is optionally replaced by CO, CO2, 
COCO, CONR, OCONR, NRNR, NRNRCO, NRCO, 
NRCO2, NRCONR, SO, SO2, NRSO2, SOZNR, NRSOZNR, 
O, S, or NR; 

[0049] R3 is halogen, OR, QnCN, QHNOZ, or QnArl; 
and 

[0050] R4 is Arl, or T-Arl; 

[0051] Wherein T is a C1_2 alkylidene chain 
Wherein one methylene unit of T is optionally 
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replaced by CO, CO2, COCO, CONR, OCONR, 
NRNR, NRNRCO, NRCO, NRCO2, NRCONR, 
SO, SO2, NRSO2, SOZNR, NRSOZNR, O, S, or 
NR. 

2. Compounds and De?nitions 

[0052] Compounds of this invention include those 
described generally above, and are further illustrated by the 
classes, subclasses, and species disclosed herein. As used 
herein, the folloWing de?nitions shall apply unless otherWise 
indicated. For purposes of this invention, the chemical 
elements are identi?ed in accordance With the Periodic Table 
of the Elements, CAS version, Handbook of Chemistry and 
Physics, 75th Ed. Additionally, general principles of organic 
chemistry are described in “Organic Chemistry”, Thomas 
Sorrell, University Science Books, Sausalito: 1999, and 
“March’s Advanced Organic Chemistry”, 5th Ed., Ed.: 
Smith, M. B. and March, 1., John Wiley & Sons, NeW York: 
2001, the entire contents of Which are hereby incorporated 
by reference. 

[0053] As described herein, compounds of the invention 
may optionally be substituted With one or more substituents, 
such as are illustrated generally above, or as exempli?ed by 
particular classes, subclasses, and species of the invention. 
It Will be appreciated that the phrase “optionally substituted” 
is used interchangeably With the phrase “substituted or 
unsubstituted.” In general, the term “substituted”, Whether 
preceded by the term “optionally” or not, refers to the 
replacement of hydrogen radicals in a given structure With 
the radical of a speci?ed substituent. Unless otherWise 
indicated, an optionally substituted group may have a sub 
stituent at each substitutable position of the group, and When 
more than one position in any given structure may be 
substituted With more than one substituent selected from a 
speci?ed group, the substituent may be either the same or 
different at every position. Combinations of substituents 
envisioned by this invention are preferably those that result 
in the formation of stable or chemically feasible compounds. 
The term “stable”, as used herein, refers to compounds that 
are not substantially altered When subjected to conditions to 
alloW for their production, detection, and preferably their 
recovery, puri?cation, and use for one or more of the 
purposes disclosed herein. In some embodiments, a stable 
compound or chemically feasible compound is one that is 
not substantially altered When kept at a temperature of 40° 
C. or less, in the absence of moisture or other chemically 
reactive conditions, for at least a Week. 

[0054] The term “aliphatic” or “aliphatic group”, as used 
herein, means a straight-chain (i.e., unbranched) or 
branched, substituted or unsubstituted hydrocarbon chain 
that is completely saturated or that contains one or more 
units of unsaturation, or a monocyclic hydrocarbon or bicy 
clic hydrocarbon that is completely saturated or that contains 
one or more units of unsaturation, but Which is not aromatic 
(also referred to herein as “carbocycle”“cycloaliphatic” or 
“cycloalkyl”), that has a single point of attachment to the 
rest of the molecule. Unless otherWise speci?ed, aliphatic 
groups contain 1-20 aliphatic carbon atoms. In some 
embodiments, aliphatic groups contain 1-10 aliphatic carbon 
atoms. In other embodiments, aliphatic groups contain 1-8 
aliphatic carbon atoms. In still other embodiments, aliphatic 
groups contain 1-6 aliphatic carbon atoms, and in yet other 
embodiments aliphatic groups contain 1-4 aliphatic carbon 
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atoms. In some embodiments, “cycloaliphatic” (or “car 
bocycle” or “cycloalkyl”) refers to a monocyclic C3-C8 
hydrocarbon or bicyclic C8-C12 hydrocarbon that is com 
pletely saturated or that contains one or more units of 

unsaturation, but Which is not aromatic, that has a single 
point of attachment to the rest of the molecule Wherein any 
individual ring in said bicyclic ring system has 3-7 members. 
Suitable aliphatic groups include, but are not limited to, 
linear or branched, substituted or unsubstituted alkyl, alk 
enyl, alkynyl groups and hybrids thereof such as (cycloalky 
l)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl. 

[0055] The term “heteroaliphatic”, as used herein, means 
aliphatic groups Wherein one or tWo carbon atoms are 
independently replaced by one or more of oXygen, sulfur, 
nitrogen, phosphorus, or silicon. Heteroaliphatic groups may 
be substituted or unsubstituted, branched or unbranched, 
cyclic or acyclic, and include “heterocycle”, “heterocyclyl”, 
“heterocycloaliphatic”, or “heterocyclic” groups. 

[0056] The term “heterocycle”, “heterocyclyl”, “heterocy 
cloaliphatic”, or “heterocyclic” as used herein means non 
aromatic, monocyclic, bicyclic, or tricyclic ring systems in 
Which one or more ring members are an independently 

selected heteroatom. In some embodiments, the “hetero 
cycle”, “heterocyclyl”, “heterocycloaliphatic”, or “hetero 
cyclic” group has three to fourteen ring members in Which 
one or more ring members is a heteroatom independently 
selected from oXygen, sulfur, nitrogen, or phosphorus, and 
each ring in the system contains 3 to 7 ring members. 

[0057] The term “heteroatom” means one or more of 
oXygen, sulfur, nitrogen, phosphorus, or silicon (including, 
any oXidiZed form of nitrogen, sulfur, phosphorus, or sili 
con; the quaterniZed form of any basic nitrogen or; a 
substitutable nitrogen of a heterocyclic ring, for eXample N 
(as in 3,4-dihydro—2H-pyrrolyl), NH (as in pyrrolidinyl) or 
NR+ (as in N-substituted pyrrolidinyl)). 

[0058] The term “unsaturated”, as used herein, means that 
a moiety has one or more units of unsaturation. 

[0059] The term “alkoxy”, or “thioalkyl”, as used herein, 
refers to an alkyl group, as previously de?ned, attached to 
the principal carbon chain through an oXygen (“alkoxy”) or 
sulfur (“thioalkyl”) atom. 

[0060] The terms “haloalkyl”, “haloalkenyl” and 
“haloalkoXy” means alkyl, alkenyl or alkoXy, as the case 
may be, substituted With one or more halogen atoms. The 
term “halogen” means F, Cl, Br, or I. 

[0061] The term “aryl” used alone or as part of a larger 
moiety as in “aralkyl”, “aralkoXy”, or “aryloXyalkyl”, refers 
to monocyclic, bicyclic, and tricyclic ring systems having a 
total of ?ve to fourteen ring members, Wherein at least one 
ring in the system is aromatic and Wherein each ring in the 
system contains 3 to 7 ring members. The term “aryl” may 
be used interchangeably With the term “aryl ring”. The term 
“aryl” also refers to heteroaryl ring systems as de?ned 
hereinbeloW. 

[0062] The term “heteroaryl”, used alone or as part of a 
larger moiety as in “heteroaralkyl” or “heteroarylalkoXy”, 
refers to monocyclic, bicyclic, and tricyclic ring systems 
having a total of ?ve to fourteen ring members, Wherein at 
least one ring in the system is aromatic, at least one ring in 
the system contains one or more heteroatoms, and Wherein 
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each ring in the system contains 3 to 7 ring members. The 
term “heteroaryl” may be used interchangeably With the 
term “heteroaryl ring” or the term “heteroaromatic”. 

[0063] An aryl (including aralkyl, aralkoXy, aryloXyalkyl 
and the like) or heteroaryl (including heteroaralkyl and 
heteroarylalkoXy and the like) group may contain one or 
more substituents and thus may be “optionally substituted”. 
Unless otherWise de?ned above and herein, suitable sub 
stituents on the unsaturated carbon atom of an aryl or 
heteroaryl group are generally selected from halogen; —RO; 
—ORO; —SRO; phenyl (Ph) optionally substituted With R0; 
—O(Ph) optionally substituted With R0; —(CH2)1_2(Ph), 
optionally substituted With R0; —CH=CH(Ph), optionally 
substituted With R0; —NO2; —CN; —N(R°)2; —NRO 
C(O)RO; —NROC(S)RO; —NROC(O)N(RO)2; —NROC(S 
)N(RO)2; —NROCOZRO; —NRONROC(O)RO; —NRONRO_ 

—OPO(RO)2; —(CH2)0_2NHC(O)R°; phenyl (Ph) optionally 
substituted With R"; —O(Ph) optionally substituted With R0; 
—(CH2)1_2(Ph), optionally substituted With R0; or 
—CH=CH(Ph), optionally substituted With R0; Wherein 
each independent occurrence of RO is selected from hydro 
gen, optionally substituted C1_6 aliphatic, an unsubstituted 
5-6 membered heteroaryl or heterocyclic ring, phenyl, 
—O(Ph), or —CH2(Ph), or, notWithstanding the de?nition 
above, tWo independent occurrences of R", on the same 
substituent or different substituents, taken together With the 
atom(s) to Which each RO group is bound, to form an 
optionally substituted 3-12 membered saturated, partially 
unsaturated, or fully unsaturated monocyclic or bicyclic ring 
having 0-4 heteroatoms independently selected from nitro 
gen, oxygen, or sulfur. 

[0064] Optional substituents on the aliphatic group of RO 
are selected from NH2, NH(C1_4aliphatic), N(C1_4ali 
phatic)2, halogen, C1_4aliphatic, OH, O(C1_4aliphatic), N02, 
CN, COZH, CO2(C1_4aliphatic), O(haloC1_4 aliphatic), or 
haloC1_4aliphatic, Wherein each of the foregoing C1_4ali 
phatic groups of RO is unsubstituted. 

[0065] An aliphatic or heteroaliphatic group, or a non 
aromatic heterocyclic ring may contain one or more sub 
stituents and thus may be “optionally substituted”. Unless 
otherWise de?ned above and herein, suitable substituents on 
the saturated carbon of an aliphatic or heteroaliphatic group, 
or of a non-aromatic heterocyclic ring are selected from 
those listed above for the unsaturated carbon of an aryl or 
heteroaryl group and additionally include the folloWing: 
=0, :5, =NNHR*, =NN(R*)2, =NNHC(O)R*, 
=NNHCO2(alkyl), =NNHSO2(alkyl), or =NR*, Where 
each R* is independently selected from hydrogen or an 
optionally substituted CL6 aliphatic group. 

[0066] Unless otherWise de?ned above and herein, 
optional substituents on the nitrogen of a non-aromatic 
heterocyclic ring are generally selected from —R", —N(R+ 
)2, —C(O)R+, —CO2R+, —C(O)C(O)R+, 
—C(O)CH2C(O)R+, —SO2R+, —SO2N(R+)2, 
—C(=S)N(R+1)2, —C(=NH)—N(R+)2, or —NR+SO2R+; 
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wherein R+ is hydrogen, an optionally substituted CL6 
aliphatic, optionally substituted phenyl, optionally substi 
tuted —O(Ph), optionally substituted —CH2(Ph), optionally 
substituted —(CH2)1_2(Ph); optionally substituted 
—CH=CH(Ph); or an unsubstituted 5-6 membered het 
eroaryl or heterocyclic ring having one to four heteroatoms 
independently selected from oxygen, nitrogen, or sulfur, or, 
notWithstanding the de?nition above, tWo independent 
occurrences of R", on the same substituent or different 

substituents, taken together With the atom(s) to Which each 
R+ group is bound, form an optionally substituted 3-12 
membered saturated, partially unsaturated, or fully unsatur 
ated monocyclic or bicyclic ring having 0-4 heteroatoms 
independently selected from nitrogen, oxygen, or sulfur. 

[0067] Optional substituents on the aliphatic group or the 
phenyl ring of R+ are selected from —NH2, —NH(C1_4 
aliphatic), —N(C1_4 aliphatic)2, halogen, CL4 aliphatic, 
—OH, —O(C1_4 aliphatic), —NO2, —CN, —COZH, 
—CO2(C1_4 aliphatic), —O(halo C1_ 4 aliphatic), or halo(C1_4 
aliphatic), Wherein each of the foregoing C1_4aliphatic 
groups of R+ is unsubstituted. 

[0068] The term “alkylidene chain” refers to a straight or 
branched carbon chain that may be fully saturated or have 
one or more units of unsaturation and has tWo points of 
attachment to the rest of the molecule. 

[0069] As detailed above, in some embodiments, tWo 
independent occurrences of R1 (or R", R, R‘ or any other 
variable similarly de?ned herein), are taken together With 
the atom(s) to Which they are bound to form an optionally 
substituted 3-12 membered saturated, partially unsaturated, 
or fully unsaturated monocyclic or bicyclic ring having 0-4 
heteroatoms independently selected from nitrogen, oxygen, 
or sulfur. 

[0070] Exemplary rings that are formed When tWo inde 
pendent occurrences of RO (or R", R, R‘ or any other variable 
similarly de?ned herein), are taken together With the atom(s) 
to Which each variable is bound include, but are not limited 
to the folloWing: a) tWo independent occurrences of RO (or 
R", R, R‘ or any other variable similarly de?ned herein) that 
are bound to the same atom and are taken together With that 
atom to form a ring, for example, N(RO)2, Where both 
occurrences of RO are taken together With the nitrogen atom 
to form a piperidin-l-yl, piperaZin-1-yl, or morpholin-4-yl 
group; and b) tWo independent occurrences of RO (or R", R, 
R‘ or any other variable similarly de?ned herein) that are 
bound to different atoms and are taken together With both of 
those atoms to form a ring, for example Where a phenyl 
group is substituted With tWo occurrences of ORO 

ORO, 

[0071] these tWo occurrences of RO are taken together With 
the oxygen atoms to Which they are bound to form a fused 
6-membered oxygen containing ring: 
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1. 
O 

[0072] It Will be appreciated that a variety of other rings 
can be formed When tWo independent occurrences of RO (or 
R", R, R‘ or any other variable similarly de?ned herein) are 
taken together With the atom(s) to Which each variable is 
bound and that the examples detailed above are not intended 
to be limiting. 

[0073] Unless otherWise stated, structures depicted herein 
are also meant to include all isomeric (e.g., enantiomeric, 
diastereomeric, and geometric (or conformational)) forms of 
the structure; for example, the R and S con?gurations for 
each asymmetric center, (Z) and double bond isomers, 
and (Z) and conformational isomers. Therefore, single 
stereochemical isomers as Well as enantiomeric, diastereo 
meric, and geometric (or conformational) mixtures of the 
present compounds are Within the scope of the invention. 
Unless otherWise stated, all tautomeric forms of the com 
pounds of the invention are Within the scope of the inven 
tion. Additionally, unless otherWise stated, structures 
depicted herein are also meant to include compounds that 
differ only in the presence of one or more isotopically 
enriched atoms. For example, compounds having the present 
structures except for the replacement of hydrogen by deu 
terium or tritium, or the replacement of a carbon by a 13C 
or 14C-enriched carbon are Within the scope of this inven 
tion. Such compounds are useful, for example, as analytical 
tools or probes in biological assays. 

3. Description of Exemplary Compounds 

[0074] In certain embodiments, compounds of Formula I 
above include those compounds Where R1 and R2 taken 
together represent the heterocycle i depicted above. 

[0075] In certain embodiments, exemplary substituents, 
RX, for the nitrogen atom of heterocycle i are selected from 
hydrogen and optionally substituted C1_6aliphatic. In other 
embodiments, RX is hydrogen, methyl, ethyl, propyl, n-bu 
tyl, tert-butyl, pentyl, cyclopentyl, hexyl, cyclohexyl, 
C1_6alkyl substituted With N(R)2, or C1_6alkyl substituted 
WithAr1. In yet other embodiments, RX is hydrogen, methyl, 
or C1_2alkyl substituted With a group selected from option 
ally substituted phenyl, pyridyl, morpholino, piperidinyl, or 
piperaZinyl. 
[0076] In certain other embodiments, exemplary com 
pounds of Formula I above include those compounds Where 
R3 is hydrogen, halogen, QR or QArl, Wherein Q is a CL3 
alkylidene chain Wherein one methylene unit of Q is option 
ally replaced by —O—, —S—, —NHCO—, or —NR—, 
and Ar1 is an optionally substituted 5-6 membered saturated, 
partially unsaturated, or fully unsaturated ring having 0-2 
heteroatoms independently selected from nitrogen, oxygen, 
or sulfur. In other embodiments R3 is hydrogen, OH, OCH3, 
OCH2CH3, NHCOMe, NH2, NH(C1_4 aliphatic), N(C1_4 
aliphatic)2, O(CH2)2morpholin-4-yl, O(CH2)2NH2, 
O(CH2)2NH(C1_4 aliphatic), O(CH2)2N(C1_4 aliphatic)2, Br, 
Cl, or F. In certain other embodiments, R3 is hydrogen. 
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[0077] In still other embodiments, R4 is a 6-membered 
saturated, partially unsaturated, or aryl ring having 0-3 
nitrogen atoms, a 9-10 membered bicyclic aryl ring having 
0-2 nitrogens, or a 5 membered heteroaryl ring having 2-3 
heteroatoms independently selected from nitrogen, oxygen, 
or sulfur, Wherein each ring is optionally substituted. In 
other embodiments R4 is an optionally substituted rings 
selected from phenyl, cyclohexyl, naphthyl, pyridyl, pyri 
midinyl, triaZinyl, thiaZolyl, thiadiaZolyl, pyraZolyl, isox 
aZolyl, indaZolyl, or benZimidaZolyl. In yet other embodi 
ments, R4 is an optionally substituted phenyl group. 

[0078] Exemplary substituents on R4 are independently 
selected from Z-RS, Wherein each occurrence of Z is inde 
pendently a bond or a C1_6 alkylidene chain Wherein one 
methylene unit of Z is optionally replaced by —O—, —S—, 
—SO2—, or —NH—; and each occurrence of R5 is inde 
pendently hydrogen, C1_6 aliphatic, halogen, NO2, OR, 
N(R)2, or optionally substituted phenyl, pyridyl, or pyrim 
idinyl. In other embodiments each occurrence of ZRs is 
independently Cl, F, Br, methyl, ethyl, t-butyl, isopropyl, 
cyclopropyl, nitro, CN, OMe, OEt, CF3, NH2, phenyl, 
benZyl, benZyloxy, OH, methylene dioxy, SOZNHZ, 
CONH2, COZMe, phenoxy, O-pyridinyl, SO2phenyl, nitro 
phenoxy, aminophenoxy, S-dimethylpyrimidine, NHphenyl, 
NH-methoxyphenyl, pyridinyl, aminophenyl, phenol, 
chloro-?uoro-phenyl, dimethylaminophenyl, CF3-phenyl, 
dimethylphenyl, chlorophenyl, ?uorophenyl, methoxyphe 
noxy, chlorophenoxy, ethoxyphenoxy, or ?uorophenoxy. 

[0079] In exemplary embodiments, m is 0, 1, or 2 and R4 
is substituted With 0, 1 or 2 occurrences of ZR5. 

[0080] In yet other embodiments, W1 is nitrogen or CH, 
W is nitrogen or C—(U)pRU, and W3 is nitrogen or 
C—(V)qRV. In still other embodiments, W1 is nitrogen or 
CH, W2 is C—(U)PRU, and W3 is C—(V)qRV. In yet other 
embodiments, W1 is nitrogen or CH and W2 and W3 are each 
CH. 

[0081] Exemplary (U)pRU and (V)qRV groups of formula 
I, and classes and subclasses thereof as described herein, are 
each independently hydrogen, halogen, NO2, CN, OR, SR or 
N(R)2, or C1_4aliphatic optionally substituted With oxo, OR, 
SR, N(R)2, halogen, NO2 or CN. In other embodiments 
(U)PRU and (V)qRV groups are each independently hydro 
gen, Me, OH, OMe or N(R)2. In still other embodiments, 
(U)PRU and (V)qRV are each hydrogen. 

[0082] In certain exemplary embodiments, for compounds 
of Formula I described directly above, W is N or CH and 
have the structures of Formulas Ia and lb beloW: 

R4 
HN 
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-continued 

4 lb 

HN/R 
N \ 

| / R. 

R2 

R3 

[0083] or a pharmaceutically acceptable salt thereof, 
Wherein R1, R2, R3, and R4 are as de?ned generally above 
and in classes and subclasses described herein. 

[0084] As described generally above, certain exemplary 
embodiments also relate to those compounds Where R4 is an 
optionally substituted phenyl group and the compounds 
have the general structures of formulas Ia and 11b depicted 
generally beloW: 

IIa 

/ I 5 

HN \ 

N/I\N 
l / R1 

R2 

R3 
IIb 

/ I 5 

HN \ 

N \ 

l / R1 

R2 

R3 

[0085] or a pharmaceutically acceptable salt thereof, 
Wherein m is 0-5, and R1, R2, R3, Z and R5 are as de?ned 
generally above and in classes and subclasses described 
herein. 

[0086] In certain other exemplary embodiments, R3 is 
hydrogen, and the compounds have the general structures of 
formulas 111a and IIIb: 
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HN 

N \ 

I / R1 

R2 

[0087] or a pharmaceutically acceptable salt thereof, 
wherein m is 0-5, and R1, R2, R3, Z and R5 are as de?ned 
generally above and in classes and subclasses described 
herein. 

[0088] In yet other exemplary embodiments, R3 is hydro 
gen, and R1 and R2 taken together and fused With ring B 
represent the heterocycle i and the compounds have the 
general structures of formulas IVa and IVb: 

[0089] or a pharmaceutically acceptable salt thereof, 
Wherein m is 0-5, and R1, R2, R3, Z and R5 are as de?ned 
generally above and in classes and subclasses described 
herein. 
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[0090] Certain subclasses of the foregoing compounds are 
described in more detail beloW. It Will be appreciated that, 
for each of the compounds generally described above (for 
mula I) and classes thereof, (e.g., formulas 11a, 11b, IIIa, IIIb, 
IVa and IVb), any combination of the subsets set forth beloW 
may be utiliZed for each variable to describe eXemplary 
subclasses of the invention. In particular, certain preferred 
subsets include, but are not limited to the folloWing com 
pounds Where: 

[0091] i) R1 and R2 taken together represent the 
heterocycle i depicted above; Where RX is de?ned 
according to one of the folloWing groups: 

[0092] a. hydrogen or optionally substituted 
C1_6aliphatic; 

[0093] b. hydrogen, methyl, ethyl, propyl, n-butyl, 
tert-butyl, pentyl, cyclopentyl, heXyl, cycloheXyl, 
C1_6alkyl substituted With N(R)2, or C1_6alkyl 
substituted With Arl; or 

[0094] c. hydrogen, methyl, or C1_2alkyl substi 
tuted With a group selected from optionally sub 
stituted phenyl, pyridyl, morpholino, piperidinyl, 
or piperaZinyl. 

[0095] ii) R3 is de?ned according to one of the 
folloWing groups: 

[0096] a. hydrogen, halogen, QR or QArl, Wherein 
Q is a C1_3 alkylidene chain Wherein one methyl 
ene unit of Q is optionally replaced by —O—, 
—S—, —NHCO—, or —NR—, and Ar1 is an 
optionally substituted 5-6 membered saturated, 
partially unsaturated, or fully unsaturated ring 
having 0-2 heteroatoms independently selected 
from nitrogen, oXygen, or sulfur; 

[0097] b. hydrogen, OH, OCH3, OCH2CH3, 
NHCOMe, NH2, NH(C1_4 aliphatic), N(C1_4 ali 
phatic)2, O(CH2)2morpholin-4-yl, O(CH2)2NH2, 
O(CH )2NH(C1_4 aliphatic), O(CH2)2N(C1_4 ali 
phatic)2, bromo, chloro, or ?uoro; or 

[0098] 
[0099] iii) R4 is de?ned according to one of the 

folloWing groups: 

[0100] a. a 6-membered saturated, partially unsat 
urated, or aryl ring having 0-3 nitrogens, a 9-10 
membered bicyclic aryl ring having 0-2 nitrogens, 
or a 5 membered heteroaryl ring having 2-3 het 
eroatoms independently selected from nitrogen, 
oxygen, or sulfur, Wherein each ring is optionally 
substituted; 

c. hydrogen; 

[0101] b. an optionally substituted ring selected 
from phenyl, cycloheXyl, naphthyl, pyridyl, pyri 
midinyl, triaZinyl, thiaZolyl, thiadiaZolyl, pyra 
Zolyl, isoXaZolyl, indaZolyl, or benZimidaZolyl; or 

[0102] c. an optionally substituted phenyl group; 

[0103] iv) W1, W2 and W3 are de?ned according to 
one of the folloWing groups: 

[0104] a. W1 is nitrogen or CH, W2 is nitrogen or 
U 3 ' ' V, 

C—(U)PR , and W is nitrogen or C—(V)qR , 

[0105] bxWl is nitrogen or CH, W2 is C—(U)PRU, 
and W is C—(V)qR ; or 
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[0106] c. W1 is nitrogen or CH and W2 and W3 are 
each CH; and 

[0107] v) (U)pRU and (V) RV groups are de?ned 
according to one of the following groups: 

[0108] a. hydrogen, halogen, NO2, CN, OR, SR or 
N(R)2, or C1_4aliphatic optionally substituted With 
oxo, OR, SR, N(R)2, halogen, NO2 or CN; 

[0109] b. hydrogen, Me, OH, OMe or N(R)2; or 

[0110] c. both (U)pRU and (V)qRV are hydrogen. 

[0111] It Will be appreciated that for the subsets described 
directly above, in certain exemplary embodiments, each 
occurrence of R4 is independently selected from Z-RS, 
Wherein each occurrence of Z is independently a bond or a 
C1_6 alkylidene chain Wherein one methylene unit of Z is 
optionally replaced by —O—, —S—, —SO2—, or 
—NH—; and each occurrence of R5 is independently hydro 
gen, C1_6 aliphatic, halogen, NO2, OR, N(R)2, or optionally 
substituted phenyl, pyridyl, and pyrimidinyl. In other 
embodiments, each occurrence of ZR5 is independently Cl, 
F, Br, methyl, ethyl, t-butyl, isopropyl, cyclopropyl, nitro, 
CN, OMe, OEt, CF3, NH2, phenyl, benZyl, benZyloxy, OH, 
methylene dioxy, SOZNHZ, CONH2, COZMe, phenoxy, 
O-pyridinyl, SO2phenyl, nitrophenoxy, aminophenoxy, 
S-dimethylpyrimidine, NHphenyl, NH-methoxyphenyl, 
pyridinyl, aminophenyl, phenol, chloro-?uoro-phenyl, dim 
ethylaminophenyl, CF3-phenyl, dimethylphenyl, chlorophe 
nyl, ?uorophenyl, methoxyphenoxy, chlorophenoxy, ethox 
yphenoxy, and ?uorophenoxy. 

[0112] In certain other embodiments, m is 0, 1, or 2 and R4 
is substituted With 0, 1 or 2 occurrences of ZR5. 

[0113] In yet other embodiments, compounds have the 
formula IVa, Where RX is hydrogen or optionally substituted 
C1_6aliphatic; m is 0, 1 or 2; and ZR5 is Cl, F, Br, methyl, 
ethyl, t-butyl, isopropyl, cyclopropyl, nitro, CN, OMe, OEt, 
CF3, NH2, phenyl, benZyl, benZyloxy, OH, methylene dioxy, 
SOZNHZ, CONH2, COZMe, phenoxy, O-pyridinyl, 
SO2phenyl, nitrophenoxy, aminophenoxy, S-dimethylpyri 
midine, NHphenyl, NH-methoxyphenyl, pyridinyl, amni 
nophenyl, phenol, chloro-?uoro-phenyl, dimethylaminophe 
nyl, CF3-phenyl, dimethylphenyl, chlorophenyl, 
?uorophenyl, methoxyphenoxy, chlorophenoxy, ethoxyphe 
noxy, or ?uorophenoxy. 

[0114] Representative examples of compounds of Formula 
IVa are set forth beloW in Table 1. 

TABLE 1 

Examples of Compounds of Formula IVa: 

H 
/ 

N 

A, I 

\ I NTO 
O 

N 

IVa-1 

10 
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TABLE 1-continued 

Examples of Compounds of Formula IVa: 

H 
F N/ 

A, I Z 

IVa-2 

IVa-3 

IVa-4 

IVa-5 
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TABLE l-continued 

Examples of Compounds of Formula IVa: 

IVa-6 

IVa-7 

IVa-S 

"11 

IVa-9 
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TABLE l-continued 

Examples of Compounds of Formula IVa: 

H 
N/ 

NAN I 

\ I NTO 
o 

[Va-1O 

F 

/H 
N 

A Ell 

\ I NTO 
O 

IVa-l 1 

N 

N 

A H 

\ I LT) 
IVa-12 

N 

C1 

N 

A H 

\ I 1Y0 
O 

[Va-13 

N 
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TABLE l-continued 
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TABLE l-continued 

Examples of Compounds of Formula IVa: Examples of Compounds of Formula IVa: 

O/ 

H 
N/ 

NAN PII 

\ I NTO 
O 

[Va-14 

H 
N/ 

NAN I 

\ I NTO 
O 

[Va-15 

OH 

H 
N/ 

NAN PII 

\ I NTO 
O 

[Va-16 

H 
N/ 

NAN PII 

\ I NTO 
O 

[Va-17 

H 

)N; N/ N PII 

\ I NTO 
o 

IVa-18 

0/ 

H 

O )N; 
N/ N PII 

\ I NTO 
o 

IVa-19 

@ H 
O I N/ N PII 

\ I NTO 
o 

IVa-ZO 

0%S N/H 
0” m NH2 

N/ N I 

\ I NTO 
o 
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Examples of Compounds of Formula IVa: 

0&5 N/ H 
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N / N l 

\ I NTO 
O 

[Va-22 
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// 
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N/ 

N / N I 

\ I NTO 
O 
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THZ 
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I N / N l 
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O 

[Va-24 
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N/ 

O X 
N / N 

/ H: 
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Examples of Compounds of Formula IVa: Examples of Compounds of Formula IVa: 
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IVa-34 
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N N 
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IVa-35 
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£1 [0] \o N/ H N 

N N H 

\ I NTO 
[Va-36 
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N/XIN 

IVa-37 
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Examples of Compounds of Formula Iva: Examples of Compounds of Formula IVa: 
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\ N O 

\ I N O f 
T O IVa-43 
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\ N O 

T O IVa-44 

\O L l N/H /N 
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IVa-45 
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Z 
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Examples of Compounds of Formula IVa: Examples of Compounds of Formula Iva: 
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NHz )\ \ O k / N / N \ N IN 
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O 

O 
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O O 

\\// 
S 

H N HZN/ 
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/ 

A ' N / 
N/ N \ X \ I 

I N / N 
\ N O I 

\ N O 

O T 
[Va-47 O 
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/ 

N 

NAN N/ I 
\ I N O NAN \ 

O \ I N O 

IVa-48 T 
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N/AN p O MAN \ I 

Moi? W O 
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Examples of Compounds of Formula IVa: 
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Examples of Compounds of Formula IVa: 
Examples of Compounds of Formula IVa: 

O\\//O Q /S /H 

HzN O (:1 N N/H N/ N)\N 
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| 

\ N O O 

IVa-66 
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Iva-62 

O H / N 

| 
MI 0 N F \ 

N/XN \ \ N O 
| 

K/KCKN O O 
O 

\H 

IVa-67 
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| 
I \ N O 

O 

QO/QN/H / IN 
IN NAN \ 

\ NTO O 
O O 

Iva-65 [Va-69 
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Examples of Compounds of Formula IVa: Examples of Compounds of Formula IVb: 

O 

O 

IVa-71 

H 

N / N \ 

\ I NTO 
O 

IVa-72 

[0115] Representative examples of compounds of Formula 
IVb are set forth beloW in Table 2. 
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